Phosphogenesis and accumulation of phosphate were dynamic processes, which started with local phosphogenesis leading to the formation of phosphatized particles, as well as stratigraphically bound phosphogenesis leading to the formation of phosphate laminae and lenses. Phases of subsequent sediment reworking resulted in the concentration of phosphate particles in phosphate-rich layers, and repeated phases of sediment reworking and phosphogenesis ultimately resulted in the formation of the complex phosphate condensed horizons. Preservation of organic matter was favored by high productivity rates and by the development of dysaerobic bottom-water conditions. The dynamic sedimentary environment likely led to the formation of early diagenetic phosphatic lids (which may have sealed off subjacent organic-rich layers) as well as to the rapid deposition of entire layers in the form of mud flows, thereby eventually enhancing the potential of organic-matter preservation.
INTRODUCTION
The middle Tertiary is the most recent and best documented time interval in Earth history in which the climate system switched from a ''greenhouse'' into ''icehouse'' mode, with a first step of major cooling in the latest Eocene and Oligocene and a second important cooling phase in the middle Miocene (Vincent and Berger 1985; Miller and Feigenson 1991; Flower and Kennett 1993a , 1993b , 1994a , 1994b Hodell and Woodruff 1994) . A wide variety of mechanisms have been proposed to explain climate cooling, including (1) Himalayan uplift (leading to an increase in erosion, higher CO 2 consumption through increased weathering, higher productivity rates, cooling, etc.; e.g., Raymo et al. 1988; Raymo and Ruddiman 1992; Raymo 1994) ; (2) isolation of Antarctica (by a circum-Antarctic current system, leading to increased glaciation and cooling; Kennett 1985; Flower and Kennett 1994b) , and (3) increased upwelling (leading to more productivity and subsequent cooling ϭ ''Monterey hypothesis''; Vincent and Berger 1985) .
The interest of our group is to better understand the middle Miocene cooling step, and especially to test the ''Monterey hypothesis'', which is a pioneering hypothesis involving feedback mechanisms between changes in ocean circulation and climate change (Vincent and Berger 1985) . In a first approach, we focus on a selection of key localities of the Monterey Formation, a formation on which the ''Monterey hypothesis'' originally was based. With a mix of detailed stratigraphic, sedimentological, mineralogical, geochemical, and paleontological analyses, we aim at obtaining (1) a better control on the timing and mechanisms of accumulation of phosphate and organic carbon in the Monterey Formation during the late early to early late Miocene age (e.g., Kleinpell 1938 Kleinpell , 1980 Blake 1981 Blake , 1994 Arends and Blake 1986; Barron 1986a Barron , 1986b Barron and Keller 1983; Barron and Isaacs 2001; De Paolo and Finger 1991; Kennett 1993a, 1994a; Echols 1994) ; and (2) an improved understanding of the general relationships between deposition of organic carbon and phosphate and cooling during the Middle Miocene (John 1999; Badertscher 2000) .
One of the key sections in the Monterey Formation is located at El Capitan State Beach (approximately 30 km west of Santa Barbara; Fig. 1 ). The Monterey Formation is exposed here nearly continuously, from its basal contact with the Rincon Shale to the overlying Sisquoc Formation (e.g., Isaacs 1981; Hornafius 1994a Hornafius , 1994b Echols 1994) . It is this section, and especially the organic-and phosphate-rich members so well exposed in this outcrop, which we discuss here.
ANALYTICAL METHODS
The section in the Monterey Formation at El Capitan State Beach was logged at centimeter resolution (1997) (1998) , and sampled at 2-meter intervals for the intervals above and below the phosphate-rich interval, and at 50-cm intervals for the approximately 40 m thick phosphate-rich interval (Figs. 2, 3) . Samples were cleaned and cut into two slabs; one half was polished, and the other half was used to make thin sections and powdered samples. The samples to be powdered were ground using a ''jaw'' crusher and an agate mill to obtain powders with a particle size Ͻ 40 m. Between 60 and 100 mg of powdered sample material was used for the characterization of organic matter and the determination of total organic carbon content (TOC) using a Rock-Eval TM 6 (temperature ranges for pyrolysis and oxidation 300-650ЊC and 400-850ЊC; heating steps 25ЊC/min; initial time 3 min; Espitalié et al. 1985) . For X-ray diffraction (XRD) bulk-rock analyses we used a Scintag XRD 2000 diffractometer following the methods described by Ferrero (1965 Ferrero ( , 1966 , Klug and Alexander (1974), and Kübler (1983) . XRD clay-mineral analyses were based on methods developed by Kübler (1983 Kübler ( , 1987 and Moore and Reynolds (1989) . Slides for nannoplankton identification were made using the settling method described in De Kaenel and Villa (1996) .
STRATIGRAPHY
The Monterey Formation is usually divided into three members: (1) a lower calcareous member; (2) a middle carbonaceous and phosphate-rich member, and; (3) an upper siliceous member (Bramlette 1946; Isaacs 1981 Isaacs , 1984 Isaacs , 2001 Pisciotto and Garrison 1981; Garrison et al. 1987 Mackinnon 1989; Hornafius 1991; Behl 1992 Behl , 1999 White 1992; White et al. 1992; Chang and Grimm 1999; Chaika and Williams 2001) . In the section at El Capitan State Beach, a clear distinction between the lower and middle member using the presence and/ or absence of carbonate beds is not possible; also systematic analyses by XRD show no consistent trend in calcite contents which could be used for a distinction. Alternatively, a distinction is possible based on the color and TOC contents of the marls, as will be shown in this paper. The section measured for this study starts where the lower member grades into the middle member and ends approximately 20 m below the base of the upper member (Figs. 2, 3) .
We divided the measured section up into five different units, based on the different observed lithologies and mineral distributions (Fig. 2) . The ''gray'' marl unit has high quartz content (up to 12.5%) at the base that diminishes rapidly upsection; phosphate content is generally low (max. 25%) and calcite content is variable (max. 78%). The main lithology consists of a grayish marl. In the subsequent ''black'' marl unit, quartz content is generally low (max. 7.3%) and phosphate content is higher (max. 52%); calcite content is variable (max. 62%). The main lithology is a dark-colored marl (''black marl'' in the following). In the ''red'' marl unit, quartz values are high again (max. 12.5%), and also the phosphate values are generally high (max. 90%); calcite content, on the contrary, is usually low and often reach values below detection limits; clay mineral values are generally higher than in the under-and overlying intervals (max. 25%). The main lithology is a reddish marl (or mudstone, where calcite contents are low). The following interval corresponds to the succession of condensed phosphatic beds. The mineral contents are comparable to the ''red'' marl unit, except for the phosphate values, which are usually higher (up to 80%). The uppermost interval described here is similar to the dark marl unit with regard to its mineral composition.
SEDIMENT TYPES AND CONSTITUENTS
The principal minerals identified in the measured section are authigenic, biogenic, and secondary. Authigenic minerals include quartz, ankerite/dolomite, and phosphate (mostly frankolite, minor amounts also of fluorapatite; but compare also Medrano and Piper 1997) . The main biogenic mineral is calcite, in the form of calcareous nannofossils and foraminifera. Secondary minerals include halite (probably of modern origin); jarosite (KFe 3 (SO 4 ) 2 .(OH) 6 ) found in bentonites (and coloring those orange-brown) and derived from K-rich minerals; gypsum, probably derived from pyrite weathering and/or SO 4 -rich fluids reacting with calcite; and K-feldspar and plagioclase which may have originated from volcanic deposition. The amount of nonvolcanic detrital minerals remains in general below detection limits. Discrete occurrences of silt-size quartz grains in the red marl and condensed intervals are related to the presence of agglutinated foraminifera (usually diagenetically compressed).
Marl
Marl is the dominant lithology in the measured section. Three different types of marl have been distinguished (Table 1 ). The occurrence of ''gray marl'' (grayish color when weathered) is restricted to the lower part of the Monterey Formation and is taken here to define the lower ''calcareous'' member. It's rather high calcite content is due to the abundance of calcareous benthic foraminifera and calcareous nannofossils. The foraminifera are usually concentrated in discrete intervals rather than scattered throughout the sediment. Their shells are often broken (Fig. 4B) . Phosphatic layers and lenses are mostly absent, whereas near the overlying ''black'' marl unit, phosphatic coated grains and peloids appear.
At the base of the next unit, the gray marl is replaced by a brown, dark brown, or black marl (''black marl'' in Table 1 ), which shows higher TOC contents (mean value of 7.5 wt%; Table 1 ). The organic matter is not uniformly distributed but appears to be enriched in layers and laminae, which are several millimeters to several centimeters thick. Calcareous benthic foraminifera are less abundant than in the gray marl unit. Some foraminifera preserve geopetal structures, which often are not in original position (Fig. 4A ). This lithology includes abundant phosphatic particles, light-colored phosphatic layers, lenses, and nodules, which locally occur in concentrated form in discrete intervals.
In the overlying unit, a marl is present that shows a red to brown color when weathered (''red marl''). TOC reaches maximal values (average 15%). Calcareous benthic foraminifera are mostly absent, and agglutinated, quartz-bearing foraminifera are abundant but commonly deformed by compaction (Fig. 4D) . The change from calcareous to agglutinated forms is seen in the bulk mineralogy distribution in the marl, with calcite values dropping and quartz values increasing relative to the gray and dark marls ( Fig. 2; Table 1 ). In the case of low calcite values, the red marl becomes a reddish mudstone. Phosphatic layers and nodules are present but usually not as abundant as in the black marl. The observed phosphatic layers are usually more prominent than those in the black marl and are concentrated in discrete intervals, up to 10 cm thick. The phosphate particles are lightcolored and may display angular morphologies. Phosphatic lenses and laminae are rare.
Phosphate
The black and red marls include light-colored phosphate layers, lenses and nodules. In addition, multiple-layer, condensed, phosphatic beds appear in the condensed unit (Table 1) . On the basis of our field data, polished samples, and thin sections, we are able to distinguish three types of phosphate occurrences: 1. Phosphatic particles of micrometer to millimeter size, which are either coated grains (40-200 m, with foraminifera, quartz grains, or smaller coated grains as nucleus) or regular and irregular particles without internal structure (''peloids''). The coated grains often show multiple layering, with occasional organic matter interlayering (Fig. 4H ). Coated grains may also merge to form larger agglomerates (Fig. 4I) . Forami- Fig. 4N ). In a few cases, the phosphatic matrix may also be more indurated and less friable, thereby retaining its light color. The lenses and laminae may alternatively result from the accumulation and concentration of phosphatic particles. The nodules range from millimeters to several centimeters in size; the lenses, laminae, and layers attain a maximum thickness of 1 cm. The nodules are often well rounded ( Fig. 4L ), but some may also show well-defined edges. In some cases, the nodules display multiple layers of friable phosphate around a core of indurated phosphate (cf. Fig. 5 .5B in Föllmi and . The phosphatic lenses may show evidence of erosional truncation, most likely by sediment scouring. Phosphatic nodules appear scattered or concentrated in discrete horizons in marl, whereas the phosphatic lenses and laminae are regularly intercalated with marl, or stacked and concentrated in phosphatic horizons. 3. Condensed phosphatic horizons, which are composed of phosphatic nodules, lenses and laminae, and include phosphatic particles. They occur in densely stacked, discrete horizons in interval D, forming phosphatic condensed beds up to 40 cm thick. Their color is mostly beige to dark brown. These beds consist of layers dominated by phosphatic nodules and particles, and layers that are more homogeneous, less nodular, and consisting of a matrix that is thoroughly phosphatized (Fig. 4E ). Bone and phosphatized wood fragments are not uncommon in these beds. Phosphatic particles may include geopetals that are partly not in upright position (Fig. 4C ). The nodular layers may display inverse grading, with the largest nodules on top (Fig. 4J) . The phosphatic horizons often show an increase in concentration and thickness of phosphatic lenses and laminae towards the top (Fig. 4N ). These three types of phosphate occurrence in the Monterey Formation at El Capitan State Beach are end members, with the condensed phosphatic horizons being a product of some sort of combination of the first two types. The first two types of phosphate would correspond to the ''pristine phosphate'' category of Föllmi et al. (1991; compare also Föllmi and Garrison 1991; Föllmi 1996) , with the exception of levels consisting of discrete concentrations of phosphate particles, nodules, and lenses, which would correspond to the ''condensed phosphates'' category, whereas the last type is identical to the ''condensed phosphates'' category in Föllmi et al. (1991;  with admixtures of probably allochthonous phosphates). The three types discerned here correspond to the three categories ''P-phosphates'' (peloidal phosphates), ''F-phosphates'' (friable phosphates), and ''D-phosphates'' (dark and dense phosphates) of Garrison et al. (1994; compare also Garrison et al. 1987 Kolodny and Garrison, 1994) .
Other Lithologies
Porcelanite and chert are subordinate lithologies, which commonly occur closely interbedded in the section measured (Isaacs 1981 (Isaacs , 1985 Isaacs et al. 1983; Behl 1992) . Dolomite is present in continuous beds, nodules (up to 1 m in length), and discrete particles (millimeters to centimeters in size; e.g., Garrison et al. 1984; Burns and Baker 1987) . Bentonite occurs in laminae and beds up to 40 cm thick and is common throughout the section (e.g., Hornafius 1994c). Among the clay minerals identified, we found approximately 98% to consist of biotite, smectite, and zeolite (of the clinoptilolite-heulandite series). The remaining 2% include chlorite, kaolinite, and mixed-layer clay.
Organic Matter
TOC contents measured by Rock-Eval show a wide range of values, with values near 0% in certain dolomite and bentonite samples and up to 23% in red marl (Fig. 2) . In general, TOC values increase from the gray marl unit to the red marl unit (from 2 to 15 wt % in average; Table 1 ) and decrease again in the upper black marl unit (to 8 wt %).
Systematic analysis of the hydrogen index versus T max in organic matter of the measured section shows it consistently to be of type II kerogen (Fig. 5) . No mixing with type III kerogen has been observed. This may suggest that the source of organic matter is predominantly marine (Summerhayes 1981 ; compare also Isaacs and Petersen 1987; Stein 1991; Behl 1999) . Organic matter preserved in bentonite and dolomite plots in the type III field. The origin of this difference in quality is not clear but may be due to substrate-related differences in postdepositional alteration.
CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY
Prior biostratigraphic work on sections in the Monterey Formation is based on benthic foraminifera, diatoms, nannoplankton, carbon, oxygen, and strontium stable isotopes and paleomagnetism (Kleinpell 1938 (Kleinpell , 1980 Arends and Blake 1986; Blake 1981 Blake , 1994 Barron 1986a Barron , 1986b Barron and Keller 1983; Barron and Isaacs 2001; DePaolo and Finger 1991; Khan-Omarzai et al. 1993; Kennett 1993a, 1994a; compare also Ingle 1980) . Published stratigraphic ages are not always consistent, and, especially for the condensed unit, different age envelopes have been proposed (DePaolo and Finger 1991). We employed calcareous nannofossil biostratigraphy in order to obtain a biostratigraphic time frame with sufficient resolution. The application of nannofossil biostratigraphy combined with orbitally tuned time scales for the younger part of the Miocene has resulted in improvements in age calibration. Miocene bio-events may have uncertainties as low as Ϯ 2 ky (in average Ϯ 7 ky, see e.g., Backman and Raffi 1997; Hilgen et al. 2000) .
Abundance and Preservation
Marl samples with sufficiently high levels of calcite (Ͼ 20%; selected by X-ray analyses) provided identifiable nannofossil assemblages, which offered sufficient bio-events in order to construct a zonal scheme for the El Capitan State Beach section (Tables 2, 3, Figs. 6-9 ). The preservation of calcareous nannofossils (Fig. 6 ) varies from poor (severe dissolution, fragmentation, and/or overgrowth of specimens) to mixed (dissolution/and or overgrowth is present, but up to 95% of specimens can be identified with certainty). In the lower part of the section, between 0 and 112 meters, preservation is generally moderate to mixed. In the upper part of the section, between 112 and 146 meters, preservation is poor to moderate. The following code has been used for estimations of the relative abundance of individual taxa: P (present): 1 to 2 specimens per 201-500 fields of view. R (rare): 3 to 14 specimens. One specimen per 51-200 fields of view. F (few): 15 to 74 specimens. One specimen per 11-50 fields of view. C (common): 75 to 150 specimens. One specimen per 2-10 fields of view.
A (abundant): 151 to 1000 specimens. 1-10 specimen per field of view. O (ooze): 1001 to 5000 specimens. Ͼ 10 specimens per field of view. The total abundance of calcareous nannofossils in the measured section varies from few to ooze (Fig. 6 ).
Zonal Scheme
The standard biostratigraphic scheme of Martini (1971) has some limitations in the Monterey basin because of the rarity of zonal markers such as Helicosphaera ampliaperta, Sphenolithus heteromorphus, Discoaster kugleri, and Catinaster coalitus. However, markers employed in the zonation of Okada and Bukry (1980) were observed and used to zone the El Capitan State Beach section. These bioevents are the acme in Discoaster deflandrei, Calcidiscus macintyrei, and Cyclicargolithus floridanus. Alternative biohorizons were also used to define the biozones of Martini (1971) such as the Sphenolithus heteromorphus paracme, the Helicosphaera walbersdor- Martini (1971) and Okada and Bukry (1980) are indicated for reference.
fensis FO (first occurrence), the Reticulofenestra pseudoumbilicus (Ͼ 8 m) FCO (first common occurrence), the Cyclicargolithus floridanus LCO (last common occurrence), the Calcidiscus premacintyrei LCO, the Calcidiscus macintyrei (Ͼ 11 m) FO, the Coccolithus miopelagicus LO (last occurrence), and the Discoaster brouweri FO (Fig. 7) .
The here presented calcareous nannofossil stratigraphy of the section is based on the results of thirty-five samples (see Appendix 1). The strati- graphic interval covered by the samples is early to middle Miocene. Based on the zonal scheme of Martini (1971) this interval ranges from the lower part of Zone NN4 to the upper part of Zone NN8. One datum obtained at the nearby Naples Beach section (Badertscher 2000) has been included in order to better constrain the sediment accumulation rate curve (Table 3 ; Fig. 9 ).
INTERPRETATIONS

Sedimentation Curve
Using the nannofossil datums as reference points (Appendix 1), the agedepth relationships for the measured section at El Capitan State Beach were plotted (Fig. 9) 
Phosphogenesis and Phosphate Accumulation
The three end-member types of phosphates identified in the El Capitan State Beach section and described above are genetically related. Whereas the phosphate particles are an expression of local phosphogenesis, mostly around a nucleus, the phosphate laminae and lenses result from laterally extended phosphogenesis, which led to the formation of stratiform zones of phosphate deposition. The phosphate laminae and lenses may include phosphatized particles. The phosphatic condensed horizons include both phosphatic particles as well as lenses and laminae, which form densely stacked, discrete layers, commonly with rather complex internal stratification architectures ( Fig. 4E ; Garrison et al. 1987; Garrison et al. 1990; Garrison et al. 1994; Föllmi and Garrison 1991; Föllmi et al. 1991) .
Several sedimentological features point to the importance of erosion and reworking: 1. Phosphate particles may occur greatly enriched in discrete horizons, a few millimeters to centimeters thick. This phenomenon is explained here by selective erosion of marl (winnowing). In some cases layers composed of phosphate particles show inverse grading, which may be related to the effect of kinetic sieving in gravity-induced grain-flow type transport and deposition, or to the exposure of the bed to progressively stronger winnowing events (Föllmi et al. 1991) . Layers concentrated in phosphate particles may include foraminifera with tilted geopetal structures (Fig. 4C) , interpreted as the result of sediment reworking. 2. The contact of the phosphate layers and lenses with the overlying sediments may be marked by shallow incisions, which may even lead to an interruption of a phosphate layer. These incisions are interpreted here as shallow scours, resulting from erosion. 3. Well rounded, white colored, and mostly friable phosphate nodules (millimeters to several centimeters in size) occur isolated in marl. In some layers such nodules may include distinct cores of more indurated phosphate (Föllmi and Garrison 1991) . These nodules are interpreted here to be allochthonous and transported within marly mud flows. 4. The condensed phosphate beds show different indications of sediment reworking, including fracturing and reworking of phosphate laminae, heterogeneous mixtures of phosphate particles, the presence of different phosphate generations around nodules, and the presence of erosional structures. Sometimes condensed horizons tend to consist of progressively concentrated phosphate lenses and laminae, pointing to an intensification of concentration processes during their formation.
These observations suggest that phosphogenesis took place mainly close to the sediment-water interface, and that sediment reworking events and episodes were instrumental in the concentration and stratification of the phosphate-rich horizons. In a model proposed here for the formation of the condensed phosphate beds, we assume an interplay of sediment deposition, phosphogenesis, and sediment erosion, along the following lines (Fig. 10): 1. Initially, a marl is present, which is composed mainly of fine-grained organic matter, clay minerals, nannofossil ooze, and siliceous organisms, and which contains benthic foraminifera. 2. The benthic foraminifera and other particles near the top of the marly bed become concentrated through a winnowing event and undergo coating and phosphogenesis (microbially mediated? e.g., Reimers et al. 1990 ). 3. The thus coated and phosphatized particles may become further enriched by repeated winnowing events and form layers of up to several centimeters thickness. Inverse grading may result from kinetic sieving during gravity-flow deposition or by progressively stronger winnowing events. 4. Due to a prolonged stay of these concentrated layers at or near the sediment-water interface, phosphogenesis may continue and cement the layers concentrated in phosphate-coated grains. 5. High-energy events (strong currents but also seismic events; Seilacher 1969; Grimm and Orange 1997) may lead to the rupture of such layers and the formation of phosphate intraclasts, which may be incorporated into the condensed layers. Some sort of combination of these phases, as well as their repetition, may have led to the formation of most of the condensed phosphate layers observed in the Monterey Formation at El Capitan State Beach.
Accumulation of Organic Matter
The degree of preservation of organic matter and the type of lithology present in the Monterey Formation at El Capitan State Beach are interrelated. Whereas the gray marl contains only moderate amounts of organic matter (average 2 wt % TOC), average TOC contents in the black (7.5 wt %) and red marl (15 wt %) are significantly higher. In terms of the stratigraphic distribution of organic matter accumulation, the following is observed: 1. Until around 16.3 Ma, the deposition of gray marl characterized by moderate TOC contents prevailed. Phosphogenesis and the formation of phosphate-enriched intervals was of only subordinate importance. Overall sedimentation rates were rather high (around 75 m/My). By assuming an average marl density of 1.3 g/cm 3 (Badertscher 2000) and using the average TOC content in gray marl, we obtain an average TOC accumulation rate of 0.19 mg/cm 2 /yr (cf. Isaacs 2001 (Tables  2, 3 ). The top nannofossil event is based on the nearby section at Naples Beach (Badertscher 2000) and is used to better calculate the accumulation rate of the uppermost middle Miocene part of the section. Note also that sedimentation rate for the lowermost interval is a maximum value based on the first occurrence of Discoaster variabilis in a slumped interval (Fig. 9 ). marl. The TOC accumulation rate took up again to an estimated 0.09 mg/cm 2 /yr. A preservation model of organic matter in the Monterey Formation at this site should take the following elements into consideration: 1. On the basis of Rock-Eval analysis the type of organic matter appears to be mainly of marine character, without major terrestrial admixtures (e.g., Stein 1991). 2. High TOC values in the black and red marl units do not necessarily correspond to high TOC accumulation rates, because of the overall low sedimentation rates. 3. Black and red marls were deposited in a dynamic sedimentary environment, in which sedimentation was rather discontinuous (as shown by the presence of phosphate-rich horizons, erosional scours, and allochthonous components). 4. Gray and black marls contain benthic calcareous foraminifera, whereas the red marl mostly lacks benthic calcareous foraminifera and contains abundant agglutinated benthic foraminifera, which may be related to more severe dysaerobic conditions. Without being able to present a thorough model of organic-matter preservation, we suggest the following conditions to be instrumental to the delivery and conservation of organic matter. 1. Primary productivity rates were probably high, as is indicated by the partly abundant presence of siliceous organisms (e.g., White 1992; White et al. 1992 ). 2. High productivity rates led to the presence of an oxygen minimum zone, which created dysaerobic conditions at the sea floor, especially during deposition of the red marl. 3. Dynamic conditions during sedimentation of the organic-rich sediments may have led to important sediment reworking and loss of a major part of the organic-rich sediments, as is indicated by sedimentary structures and the low sedimentation rates. 4. Organic-matter preservation was probably enhanced by the early diagenetic formation of phosphate-rich layers and laminae, thereby acting as a semipermeable diagenetic lid, as well as by rapid whole-layer depositional processes (in the form of mud flows) into more dysaerobic environments.
The Monterey Formation and the Monterey Hypothesis
The Miocene is a key interval in our understanding of Cenozoic climate development. The middle Miocene is marked by a major cooling step, which is recorded by a negative excursion in the benthic oxygen isotope record. This negative shift in oxygen isotopes is preceded by a positive shift in ␦ 13 C (Vincent and Berger 1985; Kennett 1993a, 1993b; 1994a , 1994b Hodell and Woodruff 1994) . The pronounced cooling phase has been explained by the so-called ''Monterey event'', where the positive shift in carbon isotopic values is regarded as the product of a direct link between polar cooling, intensified upwelling, high productivity, atmospheric CO 2 drawdown through increased organic-matter burial on the sea floor, and further cooling in a positive feedback loop (Vincent and Berger 1985) . According to Vincent and Berger (1985) , this loop stopped when oceanic nutrient reservoirs were depleted.
At the center of this model is the lower to upper Miocene Monterey Formation of the central Californian borderland and related formations that were deposited around the Pacific rim. With regard to the Monterey Formation, peak accumulation of organic carbon was hitherto thought to have occurred before the phase of major cooling, i.e., before around 14.5 to 14.1 Ma (Isaacs and Petersen 1987; Pisciotto and Garrison 1981; compare also Raymo 1994) , in phase with the positive shift in ␦ 13 C (Vincent and Berger 1985) . Our new age dates suggest that the sediment intervals with the highest TOC contents and a maximum in TOC accumulation rates appeared in the late middle Miocene, between 14.5 and 13.3 Ma, i.e., during and after the major cooling phase. It should be noted, however, that these intervals are characterized by important condensation, and that overall TOC accumulation rates remained relatively low, when compared to sediments associated with the present-day site of upwelling and high productivity along the Peru margin (9-12 mg/cm 2 /yr; Reimers and Suess 1983; compare also Isaacs 2001; Delaney 1992, 1994; .
It also remains to be seen to what extent our findings can be extrapolated to other depositional sites of the Monterey Formation. Many authors have already pointed out that facies zones in the Monterey Formation are timetransgressive (e.g., Pisciotto and Garrison 1981; Isaacs 2001) , which renders correlation difficult without good time control. Preliminary correlations with the nearby Naples Beach section already show a difference in time for the onset of the unit with highly condensed phosphatic beds (12.7 Ma versus 13.3 Ma; Badertscher 2000). At any rate, deposition of phosphate and organic carbon continued well after the cooling phase at this site, which-if extrapolated to a wider scale-would signify that the data presented here are less supportive of a scenario in which the Monterey For-mation is seen as an important sink for atmospheric CO 2 during the early middle Miocene (cf. also Pagani et al. 1999) , which became less efficient after the middle Miocene cooling phase. On the contrary, our data suggest that rates of preservation of organic carbon remained comparable and even slightly increased during and after the cooling phase.
average of 11.83 Ma (FO of Discoaster kugleri) and 11.52 Ma (LO of Discoaster kugleri).
The interval between samples Cap 143 and Cap 145 belongs to Zone NN7. The LO of Coccolithus miopelagicus at Cap 145 is used to place the NN7-NN8 boundary. Also recorded at Cap 145 is a form transitional between Discoaster micros and Catinaster coalitus. Backman and Raffi (1997) (Badertscher 2000) . The estimated age of 9.3 Ma obtained for this sample is used as top point to control the sedimentation accumulation curve of the El Capitan State Beach section.
